. Schematic diagram of pathogen sampling system used at three Great Lakes Beaches.
Sources of qPCR Positive Controls.
Sources for the human virus positive controls are the same as those previously described 2 . Sources for the other pathogen targets in the present study were as follows:  Bovine polyomavirus was purified from bovine manure with a high polyomavirus titer by diluting stool 1:2 with sterile PBS, adding this to Vertrel XF (Miller-Stephenson, Sylmar, CA, USA) to create a 25% suspension, and separated by centrifugation at 2,100 x g for 10 min.  Cryptosporidium parvum was purchased from Waterborne, Inc. New Orleans, LA.  Salmonella, Campylobacter jejuni and EHEC were provided by Marshfield Clinic Laboratories, Marshfield, WI, grown on selective media, and suspended in sterile PBS.  Mycobacterium avium subspecies paratuberculosis was purchased as a field isolate on a slant from National Veterinary Services Laboratory and suspended in sterile PBS.  Bovine coronavirus, bovine rotavirus A, bovine adenovirus, bovine enterovirus, and bovine viral diarrhea viruses Types 1 and 2 were all purchased from the National Veterinary Services Laboratory, Ames, IA.  Rotavirus C -Cowden strain was kindly provided by Linda Saif, Ohio State University, Wooster, OH.
Enumeration of positive controls. Cryptosporidium parvum was enumerated by immunofluorescence following US EPA Method 1623. All human and bovine viruses were enumerated as described previously 2 . In brief, virus stock preparations were treated with Benzonase (Novagen, Madison, WI) to remove extraneous nucleic acids after which viral nucleic acid was extracted and the DNA or RNA mass measured by fluorimetry using PicoGreen or RiboGreen, respectively, (Molecular Probes, Eugene, OR).
Nucleic acid mass was converted to genomic copies using the nucleic acid molecular weight for each virus. Bacteria positive controls were enumerated by DAPI counts using epifluorescence microscopy. Bacterial gene targets for the qPCR assays were assumed to be present at one copy per cell.
Nucleic acid extraction and inhibition measurement. Extraction of nucleic acids was a two-step procedure where a 280 µl FCSV aliquot was first subjected to the freeze-thaw extraction procedure for Cryptosporidium oocyst DNA 3 followed by extraction with QIAamp DNA blood mini kit and buffer AVL (Qaigen, Valencia, CA). We had previously confirmed the additional freeze-thaw step did not decrease the measured quantities of RNA viruses and other pathogen targets. Two 280 µl aliquots were extracted per FCSV and for each extraction the nucleic acid eluate volume was 100 µl. All nucleic acid eluates were centrifuged through a 1 ml syringe filled with equilibrated Sephadex G-50 resin (Sigma-Aldrich Corp. St. Louis, MO) as a means of removing PCR inhibitors 4 . All Sephadex-treated eluates were tested for qPCR inhibition following a previously described approach 5 except the inhibition control was bovine viral diarrhea virus Type 1 instead of armored RNA from hepatitis G virus. Of 142 eluates from prefilter and glass wool filter FCSVs, 126 were still PCR inhibited after Sephadex treatment and required up to 1:20 dilution with PCR-grade water to remove inhibition. Swimming time and ingestion rate data. Log-normal distribution parameters for swimming ingestion rates and swimming time were provided to us by Laura Suppes (University of Wisconsin -Eau Claire). These parameters, which are reported in Tables S4-S6 , have not been previously published. However, they were derived from data for which statistical summaries have been previously published 6 . The swimming time distribution represents a sample of 100 individuals, including 53 adults and 47 children. The median simulated swimming time was 1.4 hours and the first and third quartiles of simulated swimming time were 0.9 and 2.0 hours, respectively. The ingestion rate distribution represents a sample of 38 individuals, including 21 adults and 17 children. The median simulated ingestion rate was 5.9 milliliters per hour, and the first and third quartiles of simulated ingestion rates were 1.5 and 23 milliliters per hour, respectively. This ingestion rate distribution was chosen for two reasons. First, the ingestion rate data on which it is based were collected using the cyanuric acid method 7 rather than self-reported.
Second, the data on which this ingestion rate distribution is based were normalized per unit time rather than per swimming event, which allows separate consideration of swimming time and ingestion rate as risk factors. Figure S2: Ordinary least squares regression with C. jejuni gene (mapA) copy concentrations determined by qPCR as the predictor and C. jejuni CFU concentrations determined by culture methods as the response. Two data points were discarded prior to this analysis because visual inspection of the data with the aid of a loess smoothing curve indicated that they deviated significantly from an otherwise increasing trend for the remaining data points. The two discarded data points both had mapA concentrations greater than 3,000 copies per liter and CFU concentrations less than 50 CFU per liter.
Results
Additional information on relation to environmental conditions: Spearman correlation coefficients were computed for pathogens at individual beaches to explore potentially related environmental factors. Two outliers were addressed separately for Clay Banks results because they were anomalously high and exhibited a substantially different pattern than other data. One of these values was for Salmonella spp., and one was for enterovirus. These were the two highest pathogen concentrations of the study and were collected from Clay Banks on July 15, 2010 (Salmonella = 81,000 gc/L) and August 18, 2010 (Enterovirus = 6820 gc/L). Correlations reported in Table S7 for Clay Banks beach and the combined data set do not include these outliers. Further examination of the July 15 sample indicated that this sample was collected within 24 hours of the largest 24-hr rainfall event and the greatest wave heights compared to other sampling periods at this beach. In contrast, the August 18th sample had little rainfall influence including the lowest 10-day rainfall summation of the sampling periods at Clay Banks. Additional observations would be necessary to better understand conditions related to very high pathogen concentrations at Clay Banks beach.
Correlation analysis indicated that a number of variables describing the environmental conditions at the three beaches were correlated to pathogen concentrations (p < 0.05), but there was variation by pathogen and among beaches (Table S7 ). Significant correlations of pathogens to environmental variables with results from Red Arrow were present for all except campylobacter. Results from Point Beach indicated significant correlations for only one individual pathogen and one of the summations of pathogen categories. Analysis of results from Clay Banks indicated significant correlations with environmental variables for all pathogens and summations of pathogen categories. Analysis using the combined data set from all beaches indicated significant correlations of environmental variables with all pathogens and summations of pathogen categories.
Several concurrently measured parameters in water samples with significant correlations to pathogen concentrations included direct measurements of physical water quality parameters at the beaches and nearby tributaries such as water temperature, specific conductance, turbidity, and air temperature. In some instances, fecal indicator bacteria concentrations at the beach were significantly correlated with pathogen concentrations. Numerous measurements and modeling results gathered from external data sources had significant correlations to pathogen concentrations as well. Cloud cover and rainfall had significant correlations for the largest number of pathogen/beach combinations, but wave direction, currents, and the concurrent measurements at the beaches also had significant correlations for several pathogen/beach combinations (Table S7) . Averages, minimums, maximums, standard deviations, or summations of these parameters exhibited correlations over a variety of time-processing windows from periods of 6-hr or less up to 20-day periods.
Comparison to fecal indicator bacteria: Fecal indicator bacteria (FIB) results from samples collected concurrently with pathogen samples varied from less than 1 MPN/100 ml to >2420 MPN/100 ml with medians of 24 and 62.4 MPN/100 ml and means of 171.1 and 342 MPN/ ml for E. coli and enterococci respectively ( fig 5-comparison to pathogens) . Across the three beaches, there were no consistent correlations of E. coli or enterococci to human pathogens or bovine viruses. Of the 22 different combinations of human viruses, pathogenic bacteria, and beaches, only three had statistically significant correlations. E. coli and enterococci were both correlated with the sum of human pathogens (p<0.05) for samples collected at Red Arrow beach, and enterococci was significantly correlated with the sum of human pathogens for the combined data set. Pathogen presence in samples was not limited to samples with high fecal indicator bacteria concentrations, but pathogens were present in samples that ranged from less than detection limits to greater than detection limits for E. coli and enterococci concentrations. No significant correlations existed between fecal indicator bacteria and bovine viruses for individual beaches or the combined data set.
The overall lack of consistent correlation between FIB and pathogen concentrations observed in this study is not unique [13] [14] [15] [16] . Current FIB criteria are based on epidemiological studies that characterized FIB concentrations associated with a tolerated risk to human health 17 . However, the potential for growth of these organisms in the environment, together with differences in susceptibility to wastewater treatment and environmental stressors when compared with pathogens, erode their utility as reliable indicators of pathogen presence 14, 18, 19 . Results from this study indicate that there is also a lack of FIB relation with bovine viruses. 
